PRY ETCHING METHOD 



BACKGROUND OF THE INVENTION 
The present invention relates to a dry etching method 
used for the manufacture of electronic devices, and more 
particularly to a treatment of stacked thin metal filiu^. 

Dry etching involves supplying processing gas into a 
vacuum chamber while the chamber is evacuated so as to control 
the pressure therein to a predetermined levels and applying RF 
power to a plasma source and/or to an electrode within the 
vacuum chamber, thereby generating plasma in the chamber for 
desired processing of a substrate placed upon the electrode 
within the vacuum chamber • 

When subjecting a plurality of stacked thin films of 
various different materials having different characteristics 
to such process, it is imperative for achieving desired etch 
shapes to prevent etching from proceeding crosswise into the 
plurality of films • 

In order to prevent crosswise etching, it is desirable to 
increase physical effects obtained by ions rather than 
chemical effects of active radicals for enhancing the 
linearity of etching. Various attempts have been made for that 
purpose, such as lowering the pressure within the vacuum 
chamber, increasing a bias voltage to be applied, or adding a 
deposition gas to provide a protective film on the side walls 



of the etch shape. 

However/ lowering of pressure during the etching process 
or increasing of bias power may cause damages to the substrate 
or to the underlying layer. Use of deposition gas can be 
5 ineffective depending on the type of gas or the added amount, 
and it may also induce an etch stop. 

Moreover, the interaction of the deposition gas with the 
layers to be etched on the substrate may produce a reactive 
substance, causing defects such as opaque spots formed on the 
0 substrate p 

SUMMARY OF THE INVENTION 

The present invention has been devised in light of the 
above-described problems encountered by the prior art, and it 

5 is an object of the invention to provide a dry etching method, 
with which the type of deposition gas, and the rate and the 
timing of addition thereof are optimized for achieving 
favorable etching results , whereby local crosswise etching of 
etch shapes and opaque spots on processed substrates are 

0 eliminated. 

A dry etching process according to the present invention 
includes; 

introducing a processing gas into a vacuum chamber to 
achieve a predetermined controlled pressure level therein? 
3 applying RF power to a substrate placed within the vacuum 



chamber for generating plasma in the vacuum chamber, whereby 
the substrate is processed, the substrate having a plurality 
of stacked layers including metal layers; 

etching the layers on the substrate with the processing 
.5 gas until a time point when the surface of a lowermost layer 
on the substrate is etched; and 

adding CHF^ gas to the processing gas for etching the 
lowermost layer of the substrate. 

If the substrate includes a layer of aluminum, the CHP^ 
0 gas is added only after the aluminum layer has been etched 
away. Thereby, formation of opaque spots on the substrate by 
the interaction of CHF3 gas with the layers to be etched is 
prevented^ 

The CHF3 gas is added preferably in a proportion of 15 to, 
5 40% with respect to the total flow rate of the processing gas. 
Thereby, an etch stop, a drop in the etching rate, and opaque- 
spot defects caused by excessive rate of CHF3 gas are prevented 
The processing gas is preferably one of Cl^ and a gaseous 
mixture containing CI2. 
0 These and other objects and characteristics of the 

present invention will become further clear from the following 
description with reference to the accompanying drawings. 



5 



BRIEF DESCRIPTION OF THE DRAWINGS 
Pig. 1 is a schematic diagram illustrating the 

3 



construction of a plasma processing apparatus for implementing- 
a dry etching method according to one embodiment of the 
present invention; and 

Fig. 2 is a graph showing the profile of plasma light 
5 intensity in one embodiment of the invention* 

DETAILED DESCRIPTION OP THE PREFERRED EMBODIMENTS 

preferred embodiments of the present invention will be 
hereinafter described with reference to the accompanying 
0 drawings * 

Referring to Fig, 1, a vacuum chamber 1 is equipped with 
a gas supply system 2 and a vacuum pump 3 serving as an 
evacuation system. A substrate 6 to be subjected to etching is 
placed upon a lower electrode 5 within the vacuum chamber 1 . 

5 The lower electrode 5 is connected to an RP power source 4 . An 
optical filter 14 is provided to a window formed in a side 
wall of the vacuum chamber 1. In the side wall is also 
provided a photo-diode 15 for detecting plasma light intensity 
■ within the vacuum chamber 1 through the optical filter 14* 

0 For performing etching, while a predetermined amount of 

processing gas is supplied into the vacuum chamber 1 by the 
gas supply system 2, the vacuum chamber 1 is evacuated by the 
vacuum pump 3 so as to adjust the pressure inside of the 
vacuum chamber 1 to a predetermined level. RF power is applied 

> to the lower electrode 5 from the RF power source 4/ whereupon 

4 



plasma is generated in the vacuum chamber 1 and the substrate 
6 on the lower electrode 5 is etched. The intensity of plasma 
light at this time is detected by the photo-diode 15 through 
the optical filter 14, which passes light having a 
5 predetermined wavelength, to monitor the etching process. 

Specific examples of embodiment of the method of etching 
according to the invention will be described below* 
{Example l) 

Gaseous mixture containing Clj and BCl^ was supplied at a 

LO predetermined flow rate into the vacuum chamber It while 

evacuating the vacuum chamber X to adjust the pressure therein 
to 15 mTorr, RP power was applied to the lower electrode 5 
from the RF power source 4/ for generating plasma in the 
vacuum chamber 1 to etch the substrate 6 on the lower 

L5 electrode S» 

(The substrate 6 had a multilayer structure including 
layers of 1000 angstrom thick titanium, 1800 angstrom thick 
aluminum, 800 angstrom titanium, and glass. The etching 
process was monitored by detecting plasma light intensity with 

10 the photo-diode 15 using the optical filter 14 for passing 

light having a wavelength of 396 nm* At the point when it was 
ascertained that the aluminum layer had been etched away, CHF3 
gas was added as a deposition gas, wherein the proportion of 
CHP3 gas is about 35% with respect to the total flow rate of 

15 the processing gas, from the time point when the lowermost 
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. titanium layer was etched until the etching wa© completed. 
According to the above-described etching method, no 
crosswise etching into the etch shape was observed/ nor any 
opaque spots were found on the resultant substrate 6* 

5 However ,r when the proportion of CHF5 gas added as a 

deposition gas was 40% or more with respect to the total flow 
rate of the processing gas under the identical circumstance to 
the above-described etching method ^ the experimentation 
resulted with an etch stop on the substrate. 

.0 (Example 2 ) 

Gaseous mixture containing clj and BCI3 was supplied at a 
predetermined flow rate into the vacuiim chamber 1 ^ while 
evacuating the vacuum chamber 1 to adjust the pressure therein 
to 15 raTorr to 50 mTorr. RF power was applied to the lower 

.5 electrode 5 from the RF power source 4, for generating plasma 
in the vacuum chamber 1 to etch the substrate 6 on the lower 
electrode 5, 

The substrate 6 had a multilayer structure including 
layers of 1000 angstrom thick titanium, 1800 angstrom thick 

:0 aluminum, 800 angstrom titanium, 3600 angstrom thick a-^si, and 
glass f The etching process was monitored by detecting plasma 
light intensity with the photo-diode 15 using the optical 
filter 14 for passing light having a wavelength of 396 nm. At 
the point when it was ascertained that the lower titanium 

5 layer had been etched away, CHF3 gas was added as a deposition 



gas from the time point when the lowermost a-Si layer was 
etched until the etching was completed. 

Fig* 2 shows the profile of plasma light intensity with 
respect to the etching process time observed in this example • 
CHPj gas was added in a proportion of 10% with respect to the 
total flow rate of the processing gas during the period from G 
to H in Fig, 2 . 

In this specific example, the discharge is stopped 
shortly before adding CHF3 gas, but it may be continued • 

According to the above-described etching method, no 
crosswise etching into the etch shape was observed, nor any 
opaque spots were found on the resultant substrate 6. 

Also, a further experimentation resulted with less 
crosswise etching into the etch shape observed when the 
proportion of CHP3 gas was 10% or less with respect to the 
total flow rate of the processing gaS/ and better result was 
obseryed when the proportion of CHF3 gas was from 5 to 10% of 
the total flow rate of the processing gas. 

In the above-described ejftbodiments , detection of plasma 
light intensity through an optical filter for passing light 
having a predetermined wavelength was used for monitoring 
etching process, however, various methods for monitoring 
etching process can be implemented by detection of, for 
example, electric potential of plasma, plasma impedance, iori 
fiux and mass analysis. Also, it is possible to determine when 



to^^upply CHFj gas by obtaining a sample data respect to the 
progression and the time period of the etching process instead 
of the above-described monitoring methods* 

Although the present invention has been fully described 
5 in connection with the preferred embodiment thereof, it is to 
be noted that various changes and modifications apparent to 
those skilled in the art are to be understood as included 
within the scope of the present invention as defined by the 
appended claims unless they depart therefrom. 
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